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 DESCRIPTION OF PROBLEM 
 In Europe, organic and free-range poultry 
production has increased in recent years, and it 
is widely known that the suitability of the ge-
netic strain to extensive environments (foraging 
behavior, resistance to rangestresses, and so on 
[1]) largely affects the animal welfare and the 
carcass and meat traits. When chickens adapted 
to an extensive system have access to pasture, 
their health, welfare, and meat quality improve 
[2, 3]. 
 Forage is considered an important dietary 
source of nutrients, protein, and vitamins, and 
can also reduce the consumption of feed [4, 5]. 
Aside from grass, free-range chickens have been 
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 SUMMARY 
 The aim of the present study was to analyze the effect of range enrichment (trees or tall grass 
stand) on the performance and herbage intake of free-range chicken. This trial was conducted 
in 2 different seasons (winter and summer) comparing a standard free-range system with 2 
kinds of range enrichment: a stand of sorghum (a tall grass) and olive trees. Two hundred fifty 
male naked neck chickens were used in each season and system; performance, behavior, for-
age intake, and body lesions were recorded. Productive performance was not affected by range 
enrichment. However, in the presence of trees or tall grass stand, no predation losses were 
experienced; whereas, in the standard paddock, cases of predation by raptors or crows were reg-
istered, mainly during the first period of rearing. Consequently, mortality rate was significantly 
lower in the enriched environment. Control chickens stayed indoors more rather than forage 
in the pasture, whereas, in enriched environments, birds spent more time outdoors and widely 
exploited the available pasture. Forage intake was significantly influenced by rearing system 
and season; chickens reared under olive trees had higher herbage ingestion, exploring the avail-
able area up to almost 50 m from the hut. With the olive trees, chickens also showed the lowest 
frequency of foot and breast damage. 
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reported to feed on a wide range of macroinver-
tebrates living in the soil surface, such as ground 
beetles (Carabidae), rove beetles (Staphlini-
dae), spiders (Araneae), and earthworms (Lum-
bricidae) [6]. Forage intake affects the qualita-
tive traits of free-range chicken meat mainly due 
to the increased intake of bioactive substances 
(tocopherols, carotenoids, and α-linolenic acid) 
[7]. For these reasons, it is crucial to maximize 
the pasture use by birds through different strate-
gies.
In free-range poultry systems, runs are often 
not well managed and animals may not feel safe 
in it. Outdoor runs could be made more attrac-
tive by offering different kinds of shelter [8]. In 
fact, the wild ancestors of chicken were preyed 
upon by raptors, and modern poultry breeds 
still instinctively recognize the danger [9]. The 
presence of trees can help chicken to feel more 
secure from predators and more sheltered from 
sun and the elements so they can venture further 
away from the huts and eat more forage [10]. 
Moreover, some authors [11] showed that range 
enrichment is not only beneficial for the animal 
behavior, but can be also economically advan-
tageous, resulting in a win-win situation for 
poultry welfare and production [12]. For those, 
it is important to optimize the outdoor area uti-
lization and to estimate forage intake, which is 
largely unknown in poultry. Hence, the aim of 
the present study was to analyze the effect of 
range enrichment (trees or tall grass stand) on 
performance and herbage intake of a commer-
cial strain of free-range chicken.
MATERIALS AND METHODS
Birds and Farming Systems
The current trial was carried out in 2 differ-
ent seasons (winter and summer) in 2 free-range 
poultry farms (Figure 1) located in central Italy 
with similar pedoclimatic conditions. The first 
farm was an experimental farm of the Univer-
sity of Perugia, where chickens were reared in 
2 straw-bedded shelters (0.10 m2/bird), each 
equipped inside with feeders and drinkers and 
with free access to forage paddocks (4 m2/bird), 
with or without a strip (about 200 m2) of sor-
ghum grass. The second farm was a private farm 
near Spoleto, Italy, where the chicks were reared 
in the same conditions as for the other experi-
mental site, but the paddocks consisted of a ma-
ture olive grove.
One-day-old male naked neck birds pur-
chased from a commercial poultry farm [13], 
were used (total number = 250 per season and 
system with 2 replication of 125 birds each). All 
birds were reared according to EU Regulation 
834/07 [14] and Italian directives on bird wel-
fare for experimental and other scientific pur-
poses [15].
Chicks were kept for 20 d in an environmen-
tally controlled poultry house with temperatures 
ranging from 20 to 32°C and RH ranging from 
65 to 75%. Incandescent lights (30 lx) placed at 
bird level were used for heating and illumina-
tion. Chicks were vaccinated against Marek and 
Newcastle diseases. At 21 d of age, the chicks 
were transferred to the 3 experimental situations 
Figure 1. Schematic representation of the different rearing systems: A = no enrichment; B = sorghum; C = olive 
trees. Each pen measured 1,000 m2 (2 replications 500 m2 each; □: exclusion pen).
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previously described; birds were confined inside 
the shelters during the night, and fed ad libitum 
the same starter (1–21 d) and grower-finisher 
(22 d to slaughtering age) diets (Table 1).
Average external temperatures and humidity 
were 3 to 13°C, 77% and 14 to 30°C, 68% for 
winter and summer, respectively. Access to feed 
and water in the shelters was freely available at 
all times and all diets were formulated to contain 
adequate nutrient levels as defined by the NRC 
[16]. Bird mortality was recorded daily, whereas 
individual BW were recorded weekly, as well as 
the collective feed intake of each group. The av-
erage feed consumption of the group was used 
to calculate the individual feed-to-gain ratio.
Behavioral Observations
Behavioral observations were recorded dur-
ing the last week of age (from 83–90 d) in the 
morning (0900 h) and afternoon (1700 h), dur-
ing 2 periods of 3 h each, using the focal animal 
sampling method [17]. Before each observation, 
5 min were allowed for the animals to adapt to 
the presence of the observer. Twenty birds per 
group were chosen at random and marked with 
different colors on the tip of the tail. The behav-
ioral observations included moving (walking and 
running), standing (stand idle), lying (resting on 
the sternum), eating (food and water from feed-
ers and drinkers, respectively), ground pecking 
(pecking the ground and scratching the ground 
followed by pecking), wing flapping, and others 
(self and allo preening). The behavior was re-
corded on a purpose-designed table (on the basis 
of the major behaviors in the broiler ethogram 
chosen from preliminary observations), and 
their respective frequencies were calculated as 
a percentage of the total observed behavior. As 
no significant differences were found between 
observation periods, all data were pooled.
Forage Intake and Pasture Composition
To estimate the forage intake, the modified 
method of lantinga et al. [18] was applied. At 
the start of the rearing cycles, 5 metallic frames 
(exclusion pens, 0.50 × 0.50 m) were positioned 
at 7, 12, 17, 22, 27, and 47 m of distance from 
the huts, in each replication. Herbage samples 
were collected at the beginning (outside the ex-
clusion pens and outside the sorghum area in the 
tall grass stand) and at the end (both inside and 
outside the exclusion pens) of the rearing cycle 
in each replication. Outside the exclusion pens, 
collections were carried out from one area of the 
same size (i.e., 0.50 × 0.50 m) randomly chosen 
by casting a frame on the ground, about one me-
ter away from each exclusion pen, to have the 
same number of observations for grazed and un-
disturbed areas.
Forage intake (GI) was estimated using the 
equation
GI = (GMs − GMe) + {[1 − (GMe/GMs)]/− 
ln[GMe/GMs]} × (GMu − GMs),
where GMs = herbage mass present at the en-
trance of the birds in each pen; GMe = forage 
that remained at the end of the trial; and GMu 
= undisturbed forage mass from the exclusion 
Table 1. Ingredient composition and calculated 
analysis of diets 
Item  
(%, unless otherwise noted) Starter Finisher
Ingredient
 Maize 52.0 46.0
 Full fat soybean 30.5 12.5
 Wheat — 20.0
 Soybean meal 9.00 14.0
 Alfalfa meal 2.80 2.80
 Gluten feed 3.00 2.00
 Vitamin-mineral premix1 1.00 1.00
 Dicalcium phosphate 1.00 1.00
 Sodium bicarbonate 0.50 0.50
 NaCl 0.20 0.20
Chemical composition
 DM 90.9 90.8
 CP 22.3 18.0
 EE 7.95 4.98
 CF 4.67 4.01
 Ash 5.76 5.59
 NDF 10.7 10.1
 ADF 5.58 5.06
 Cellulose 4.22 3.56
 Acid detergent lingin 1.03 1.11
 Hemicellulose 5.16 5.05
 ME (MJ/kg of DM) 12.5 12.9
1Amount per kilogram: vitamin A, 11.000 IU; vitamin D3, 
2.000 IU; vitamin B1, 2.5 mg; vitamin B2, 4 mg; vitamin B6, 
1.25 mg; vitamin B12, 0.01 mg; α-tocopheryl acetate, 30 mg; 
biotin, 0.06 mg; vitamin K, 2.5 mg; niacin, 15 mg; folic acid, 
0.30 mg; panthotenic acid, 10 mg; choline chloride, 600 mg; 
Mn, 60 mg; Fe, 50 mg; Zn, 15 mg; I, 0.5 mg; Co, 0.5 mg.
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pens. Forage intake was calculated separately 
for 5 subareas, at increasing distances from the 
shelter, designed so as to have the exclusion pen 
at the center of each area. It was assumed that 
the forage intake calculated with data from each 
exclusion pen was representative of the whole 
subarea of that pen.
The floristic composition of the pasture was 
recorded from the exclusion pens at the end of 
the cycle, just before harvesting the herbage for 
the assessment of forage intake. The total and 
individual species ground cover was assessed by 
visual examination (the sum of the ground cover 
for all species equalled the total ground cover) 
and the average ground cover for each replica-
tion was calculated from the 5 values of each 
exclusion pen. The replication values were then 
averaged, polling together the replications for 
the sorghum and the nonenriched treatments, as 
these treatments were adjacent in the same farm, 
with similar floristic composition.
Foot Pad Dermatitis and Qualitative  
Traits of Carcass Evaluations
At slaughter (90 d of age), the foot pad der-
matitis of all birds in each group was assessed 
by assigning them to 1 of 3 different classes: 0 = 
no mark (no lesion), 1 = mild lesions (superficial 
lesions, erosions, papillae, and discoloration of 
the footpad), or 2 = severe lesions (deep lesions, 
ulcers, and scabs) [19]. The foot pad dermati-
tis score was obtained by applying the formula 
reported in the Commission of the European 
Community, Brussels [20]. Qualitative traits of 
carcasses, such as skin damage and the presence 
of breast blisters, were recorded.
Statistical Analyses
A linear model [21] was used to evaluate the 
effect of range enrichment and season. Differ-
ence between groups were assessed by ANoVA 
test with a Bonferroni multiple t-test. Differ-
ences with at least a P < 0.05 value were con-
sidered statistically significant. Nonparametric 
tests were performed on the mortality rate and 
significance was evaluated by χ2 value.
RESULTS AND DISCUSSION
The floristic composition of pasture in differ-
ent seasons is shown in Table 2. The main spe-
cies found at the experimental farm in Perugia 
during the summer were Lolium perenne, Lo-
tus corniculatus, Sorgum halepense, and Trifo-
lium pratense, and total ground cover was 58% 
(42% bare ground). In winter, the same species 
(excluding Sorghum halepense) were the most 
abundant, and total ground cover was 100% (no 
bare ground). In the olive-agroforestry system 
in Spoleto, total ground cover was 54% in sum-
mer, with the most abundant species being Ph-
leum spp., Dactylis glomerata, Santolina spp., 
Agropyron spp., Calamintha nepeta, and Rubus 
spp. In winter, ground cover was 100% and Av-
ena fatua dominated the vegetation. The greater 
ground cover in winter, in all systems, was prob-
ably due to the lower kinetic and grazing activ-
ity of birds, compared with summer (see later), 
combined with summer’s drier conditions in the 
experimental areas.
As expected, the performance of birds was 
not significantly affected by the rearing system 
(Table 3). The performance was similar to that 
observed in previous studies [22–24]. The feed-
to-gain ratio was calculated in all systems and 
seasons, with better values in winter.
The presence of trees or tall grass stand virtu-
ally eliminated the predation losses, which were 
higher in the nonenriched areas, especially with 
young chickens (data not shown); whereas in the 
paddocks without tall grass stand, some cases of 
predation (by raptors or crows, mainly when 
the birds were young) were experienced. Con-
sequently, mortality rate was significantly lower 
with trees or tall grass stand.
Birds in the system without enrichment tended 
to stay indoors for a longer time rather than for-
age in the pasture; whereas, when sorghum or ol-
ive trees were available, birds spent significantly 
more time outdoors (Table 4). In winter, birds 
stayed indoors for a long time, in agreement with 
previous findings [12]. According to Masic et al. 
[25], it seems likely that the drive to forage may 
have been considerably reduced when birds did 
not deem the external area as safe. Therefore, the 
birds’ behavior under the olive trees is probably 
more suitable for a free-range situation. Indeed, 
chickens in the olive system showed more kinet-
ic behavior with a significant increase in moving 
and a decrease in standing.
The forage intake was affected by pasture 
enrichment and season, as well as by distance 
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from the shelters (Table 5). In the presence of 
sorghum and olive trees, birds ate more forage; 
moreover, chickens ate more forage in summer 
than in winter, in agreement with the behavioral 
changes (i.e., more time outdoors in summer). 
Birds in the olive orchard had the highest herb-




No enrichment/sorghum Lolium perenne Lotus corniculatus
Lotus corniculatus Sorghum halepense
Trifolium pratense Trifolium pratense
Daucus carota Lolium perenne
Diplotaxis erucoides Diplotaxis erucoides
Malva moschata Malva moschata
Conyza canadensis Conyza canadensis
Amaranthus retroflexus Amaranthus retroflexus
Convolvulus arvensis Convolvulus arvensis
Ranunculus bulbosus Kickia spuria
Olive trees Avena fatua Phleum spp.
Stellaria media Dactylis glomerata
Malva sylvestris Santolina spp.
Erodium spp. Agropyron spp.






























live weight (g) 2,826 2,800 2,809 2,942 2,880 2,889 120
Feed intake (g/d) 94.2 93.1 92.3 95.2 93.1 92.3 11.8
Daily gain (g/d) 31.2 30.9 31 32.5 31.8 31.9 5.8
Feed-to-gain ratio 3.0 3.0 2.9 2.9 2.9 2.8 0.2
Mortality (%) 8.0 5.6 4.0 9.2 6.4 4.8 12.0*
Predation (%) 2.4b 0.8a 0.0a 2.8b 0.8a 0.0 6.0*
a,bMeans within rows bearing different superscripts differ significantly at P < 0.05. 
1n = 250 per genotype and season.
*χ2.
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age intake at almost all distances from the hut, 
suggesting that trees might be the best kind of 
enrichment with the highest effect on the forag-
ing behavior of birds. It is worth noting that ol-
ives are evergreen and their sheltering effect is 
particularly important in winter, when other tree 
species lose their leaves and provide less shelter.
About the effects of the trees, the olive tree 
system was carried out in a different location, 
but with very similar conditions in term of coor-
dinates, climate, soil type, and so on; however, 
a possible site effect cannot be ruled out and the 
present findings need further confirmation in 
future studies. The trends in herbage intake, as 
well as in other parameters, appear consistent, 
though; with the shelter effect increasing from 
no shelter to tall grass stand to tree stand. This 
suggests that, despite the need for further con-
firmation, trees might indeed provide the best 
shelter situation and welfare for the birds.
The estimation of forage intake in poultry 
systems is difficult, and only few studies have 
been carried out, mainly with laying hens. In a 
previous study [26], we observed that the forage 
intake varied according to the number of hens 
per meter of pasture and season, with a maxi-
mum level of intake in spring (59.2 g/d). Hughes 
and Dun [27] estimated that layers consume 
about 30 to 40 g of DM/d from herbage, but also 
from worms and insects, in addition to 100 g of 
feed concentrates. Bassler [28] found that reduc-
ing the quantity of concentrates fed to layers by 
15% had no detrimental effects on egg produc-
tion, whereas individual herbage consumption 
increased of 30 g of DM/d.
Such estimations are generally higher than 
what was obtained with broiler chickens, prob-
ably due to the younger age. To the best of our 
knowledge, the studies of latinga [18], Ponte et 
al. [29], and Rivera-Ferre et al. [30] represent 













Time spent outdoor 50.1ab 68.2c 72.4d 42.2a 57.4b 60.2b 7.9
Lying 38.2c 30.2a 34.2b 34.8b 30.0a 33.6ab 1.9
Moving 14.1b 20.6c 25.0d 10.2a 15.8b 20.1c 2.5
Ground pecking 0.4 0.3 0.2 0.2 0.2 0.2 0.2
Standing 20.4a 28.2c 20.1a 25.2b 30.5c 24.1b 1.9
Eating 20.1b 15.1a 14.1a 24.1b 18.0a 15.8 2.1
Wing flapping 0.5 0.2 0.4 0.3 0.2 0.8 0.5
Others 6.3 5.4 6.0 5.2 5.3 5.4 3.5
a–dMeans within rows bearing different superscripts differ significantly at P < 0.05.
1n = 20 per rearing system and season.













Distance (m) from the hut
 7 9.00a 14.23b 16.70c 9.15a 10.12a 9.92a 2.5
 12 4.21a 8.96b 12.47c 3.91a 4.52a 7.91b 3.4
 17 1.59a 5.60c 5.54c 1.89a 3.25b 4.89b 1.9
 22 0.00a 1.57b 4.19c 0.00a 0.00a 2.54b 0.1
 27 0.00a 0.00a 2.88c 0.00a 0.00a 1.00b 1.2
 47 0.00a 0.00a 1.20c 0.00a 0.00a 0.21b 0.2
Total 14.80a 30.36b 42.98c 14.95a 17.89a 26.47b 5.23
a–cMeans within rows bearing different superscripts differ significantly at P < 0.05.
1n = 250 per rearing system and season.
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the only attempts to estimate the amount of in-
gested herbage in free-range broilers reared in 
different outdoor conditions. Ponte et al. [29] 
observed that forage biomass represent between 
2.5 and 4.5% DM of the total feed intake (about 
3–6.5 g of DM/d). Rivera-Ferre et al. [30] found 
an average herbage intake of 10.7 g of DM/
broiler per day, irrespective of vegetation type. 
The present results of forage intake are in gen-
eral agreement with previous findings, even if it 
is know that season, strain, and age can largely 
modify such values. Mirabito and Lubac [31] 
and Christensen et al. [32] observed that chick-
ens tend to increase the use of the outdoor area 
with increasing familiarity (i.e., age).
In the present investigation, forage intake 
was related to kinetic activity, and both were 
influenced by enrichment and season; chick-
ens reared under olive trees always had higher 
herbage ingestion, exploiting the available area 
up to almost 50 m from the hut. These results 
are in agreement with Dawkins et al. [12], who 
observed a higher activity in summer, although 
chickens ranged outside also the winter months 
at any time of day.
The low frequencies of foot and breast le-
sions found at slaughtering age in the chickens 
reared in the olive tree system (Table 6) sup-
ports the hypothesis that the presence of trees 
improved welfare conditions, further supported 
by higher locomotory activity. In fact, higher lo-
comotory activity (i.e., moving and more time 
spent outside; Table 4) implies less time spent 
lying on the wet litter. Again, the effect of the 
olive trees may be not separated from a possi-
ble location effect in this work, and the present 
findings must be considered preliminary indica-
tions. Indeed, this situation falls in the existing 
statistic controversy around the pseudoreplica-
tion, an incorrect modeling of randomness in 
ecological field experiments [33–35]. Hurlbert 
[33] affirmed that when the precise details of 
an experiment are well known, common sense, 
biological knowledge, and intuition should be 
applied to that task. In the current trial, even if 
the farms were distant about 20 km, the condi-
tions (coordinates, exposition, climate, soil type, 
and so on) were almost identical, and then a rea-
sonable certainty exists that the confusion effect 
represented by location was negligible.
During summer, kinetic activity of all groups 
was higher than in winter, and this was again re-
lated to lower incidence of food pad dermatitis. 
On the contrary, percentages of foot pad derma-
titis of class 1 and 2, were higher in winter, when 
this phenomenon is even more dangerous [12], 
emphasizing the possible role of climatic factors 
in bird welfare.
Wet litter and many nutritional factors, in-
cluding level and type of CP, Met, biotin, pan-
tothenic acid, riboflavin, and zinc, have been 
reported to affect foot pad dermatitis in poultry 
[36]. Accordingly, we could hypothesize that 
the high level of foot pad dermatitis in our study 
may result from nutritional imbalances (i.e., 
shortage of some nutritional factors). This could 
be due to the fact that the feed provided was for-
mulated for egg-type birds with lower growth 
performance.
CONCLUSIONS AND APPLICATIONS
 1.  The contribution of pasture to the diet of 
free-range poultry has remained largely 














 Class 0 58.3a 73.0b 88.0c 50.0a 50.2a 78.1bc 25.5
 Class 1 25.2c 18.3b 10.4a 30.1c 30.0c 15.1a 18.3
 Class 2 16.5c 8.7b 1.6a 19.9c 19.8c 6.8b 19.1
Breast blister 20.6b 16.9a 15.0a 23.9c 20.1b 16.6a 3.0
a–cMeans within rows bearing different superscripts differ significantly at P < 0.05.
1n = 230, 236, 240, 237, 234, 238 birds, respectively.
2Score classes: 0 = no mark (no lesion), 1 = mild lesions (superficial lesions, erosions, papillae, and discoloration of the foot-
pad), or 2 = severe lesions (deep lesions, ulcers, and scabs)
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unknown until now. The effects of pas-
ture enrichments on animal behavior, 
forage intake, animal welfare, and meat 
quality are even less known. This study 
provided new insights in this little-
known field of research.
 2.  Although the exploitation of outdoor pen 
is influenced by many factors, including 
season, time of the day, weather condi-
tions, presence of predators, and so on, 
the presence of tall grass stands or, even 
better, trees improves the use of outdoor 
areas, resulting in both greater forage in-
take, improved welfare conditions, and 
carcass quality, both in warm and cold 
seasons.
 3.  Considering the great importance of 
grass consumption and animal welfare in 
the production of free-range or organic 
chickens, it seems advisable to enrich 
the outdoor runs with species providing 
shelter.
 4.  On the basis of the previously mentioned 
considerations in terms of statistical de-
sign, the current study does not allow 
a final conclusion, but results are con-
sistent with the fact that the olive trees 
provided more shelter than sorghum, as 
they covered the whole area instead of a 
fraction, and the benefits were greater.
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